LIGHT EMITTING DIODE AND MANUFACTURING 
METHOD THEREOF 



EMd of*"* Invention 



n 



o 
m 
m 



j'-y 

L 3 



The present invention relates to a light emitting diode (LED) epitaxial structure 
and a manufacturing method thereof, and more particularly to a bragg reflector layer' 
with high reflectivity used in the light emitting diode chip structure for increasing the 
light efficiency and the manufacturing method thereof. 
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The conventional AlGalnP light emitting diode, as shown in Fig. 1, has a double 
heterostructure (DH), which is composed of an n-type (Al x Ga,. x )o. 5 Ino.5P lower 

15 cladding layer 4 with a Al dosage of about 70%~100%, formed on an n-type GaAs 
substrate 3, a (Al.Ga^osWo.sP active layer 5, a p-type (Al x Ga,. x ) 0 .5lno. 5 P upper 
cladding layer 6 with a Al dosage 70%~100% and a p-type current spreading layer 7 
made of GaP, GaAsP or AlGaAs having high energy gap and high carrier concentration. 
The emitting wavelength of the light emitting diode structure can be changed by 

20 changing the composition of the active layer so as to generate a wavelength from red 
light of 650 nm in wavelength t to pure green of 555 nm. One disadvantage of the 
conventional light emitting diode is that, when the light generated by the active layer is 
emitted deep to the GaAs substrate, the light will be absorbed by the GaAs substrate 
since the GaAs substrate has a lesser energy gap. Accordingly, the performance of the 

25 light emitting diode will be greatly reduced. 
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There are some conventional light emitting diode technologies have been 
disclosed in order to prevent the light from being absorbed by the substrate. However, 
these conventional technologies still have some disadvantages and limitations. For 
5 example, Sugawara et al. disclosed a method, which has been published in Appl. 
Phys Lett. Vol. 61, 1775-1777 (1992), that a distributed bragg reflector (DBR) layer 
is added to the GaAs substrate so as to reflect the light ejected to the GaAs substrate 
thereby decreasing the light absorbed by the GaAs substrate. However, because the 
K DBR layer can only effectively reflect the light that is in the proximity of the direction 
Sio vertical to the GaAs substrate, the range of the wavelength of reflected light is very 
narrow, so that the addition of DBR layer does not have much effect. 
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Kish et al. disclosed a wafefcbonded transparent-substrate (TS) (Al x Gai. 
U x ) 0 ,Ino,P/GaP light emitting diodf[Ul. Phys Lett. Vol. 64, No. 21,2839 
(1994); Very high-efficiency serhic4ductor wafer-bonded transparent-substrate 
(Al x Ga^ x )o.5lno.5P/w) This TS AlGalnP light emitting diode is fabricated by 
growing a very thicTrtabout 50/m) p-type GaP window layer using vapor phase 
epitaxy (VPE). After bonding, the n-type GaAs substrate is selectively removed by 
using conventional chemical etching techniques. The exposed n-type lower cladding 
20 layers subsequently are bonded to about 8-10 mil thick n-type GaP substrate. Since 
the wafer-bonded technology is to directly bond two HI - IV compound 
semiconductors together, the process has to be performed under the condition of high 
temperature and high pressure for quite a period of time. The TS AlGalnP light 
emitting diode thus formed can exhibit the brightness that is two times greater than the 
25 conventional absorbing substrate (AS) AlGalnP light emitting diode. However, the 
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fabrication process of TS AlGalnP light emitting diode is too complicated. Therefore, 
it is difficult to manufacture these TS AlGalnP light emitting diodes with high yield 



and low cost. 



5 Horng et al. reported a mirror-substrate (MS)AlGaInP/metal/Si0 2 /Si light 

emitting diode fabricated by wafer-fused tochnolo^Wpl. Phys Lett. Vol. 75, 
No. 20, 3054 (1999); AlGalnP light-emitting diodes with mirror substrates fabricated 
by wafer bondC) They used the AuBe/Au as the adhesive to bond the Si substrate 
U and light emittm/diode epilayers. However, the luminous intensity of these MS 
§10 AlGalnP light emitting diode is about 90mcd with 20mA injection current, and is still 
40% lower than that of TS AlGalnP light emitting diode. Thus, this type of light 
emitting diode chip can hardly have a satisfying brightness. 



S ummary of the invention 



p As described above, the conventional light emitting diode has many 

^ disadvantages. Therefore, the present invention provides a light emitting diode 
structure and a method for making the same to overcome the conventional 
disadvantages. 

20 

It is therefore an object of this invention to provide a structure and a method for 
fabricating a light emitting diode. In this way, the problem of an emitting light 
absorbed by a substrate can be resolved, and the brightness of the light emitting diode 
can be enhanced by using a bragg reflector structure of high reflectivity. 



25 



3 



Q 
it 

p 



It is therefore another object of this invention to provide a structure and a 
method for fabricating a light emitting diode. The present invention provides a 
bragg reflector structure of high reflectivity to reflect the light generated from the light 
emitting diode, and the bragg reflector structure is manufactured by forming a high 
aluminum-contained AlGaAs/AlGalnP layer or a high-aluminum contained AlGaAs/ 
low-aluminum contained AlGalnP layer on the substrate before the vertically-stacked 
epitaxial structure of the light emitting diode is formed. Due to the higher oxidation 
ability of the high aluminum contained AlGaAs layer and the lower refraction index of 
high-aluminum contained AlGaAs layer after the oxidization, the wavelength reflected 
10 by the bragg reflector layer can not only enhance the reflectivity but also coverwider 
spectrum. 



S It is therefore another object of this invention to provide a structure and a 

method for fabricating a light emitting diode. Since the oxidized AlGaAs layer is an 
E 15 electrical insulator, the electrodes are formed on the same side of the light emitting 
diode. In this way, the internal resistance can be decreased, and the electro-optics 
transferring rate can be increased. 

It is therefore another object of this invention to provide a structure and a 
method for fabricating a light emitting diode. In this way, the light emitting diode has 
higher brightness than the conventional light emitting diode. 
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In accordance with all aspects of this invention, the invention provides a 
of a light emitting diode, comprising: a bragg reflector layer located on a 
25 substrate, an LED epitaxial structure covering the bragg reflector layer, the LED 



structure 
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epitaxial structure comprising an n-type ffl-V compound semiconductor layer, an 
illuminating active layer, and a p-type ffl-V compound semiconductor layer, a first 
electrode formed on the exposed n-type ffl-V compound semiconductor layer, and a 
second electrode formed on the exposed p-type ffl-V compound semiconductor layer. 

5 

In accordance with all aspects of this invention, this invention provides a method 
manufacturing a light emitting diode, comprising the steps of: forming a bragg reflector 
layer covering a substrate, forming an epitaxial structure covering the bragg reflector 
K layer, the epitaxial structure comprising an n-type ffl-V compound semiconductor layer, 
|io an illuminating active layer, and a p-type ffl-V compound semiconductor layer, etching 
I the LED epitaxial structure to expose a portion of the n-type ffl-V compound 
1 semiconductor layer, conducting a treatment for completely oxidizing a high-aluminum 
f contained layer of the bragg reflector layer thereby forming the bragg reflector layer 
having the features of high reflectivity and current insulation, forming a first electrode 
- 15 on the exposed n-type ffl-V compound semiconductor layer, and forming a second 
1 electrode on the exposed p-type ffl-V compound semiconductor layer. 

p r ipf np^Hption of the Drawings 
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The foregoing aspects and many of the attendant advantages of this invention 
will become more readily appreciated as the same becomes better understood by 
reference to the following detailed description, when taken in conjunction with the 
accompanying drawings, wherein: 

Fig. 1 is a schematic diagram showing a conventional structure of light emitting 



5 



diode; 
invention 



M 
Ml 
Mi 



Fig. 2 is an epitaxial structure of a light emitting diode structure of the present 
ion; 

Figs. 3 is the structure of light emitting diode of the present invention; 
Fig. 4 shows the relationship between the reflectivity and the injected 
wavelength onto the bragg reflector layer according to the present invention and prior 
art; and 

Fig. 5 shows the relationship between the reflectivity and the pair number of the 
bragg reflector layer according to the present invention and prior art. 
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The present invention discloses a light emitting diode structure and a method of 
nraking the same, and is described in details as follows with the reference of Fig, 2 to 
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Referring to Fig. 2, the epitaxial structore of high brightness light emitting diode 
of the preen, invention is stacked in sequence by an »-«ype OaAs substrate 20, a bragg 

reflector layer 19, an n-type (MM>W *«- ^ 16 ' a 

active layer 14 with a Al dosage of about 0 S xS0.45, a p-type (AI.Ga,. 
,)„ s ln» s P upper cladding layer 12 and a p-type ohntic contact layer 10. The p-type 
ohmic contact layet 10 may be made of the materials with energy gap higher than the 
active layer, such as AlGalnP, AlGaAs, or GaPAs, or the materials with energy gap 
lower man the active layer bu, with thin thickness, for example, the preferred Ihrckness 
of the p-type ohmic contact layer 10 with GaAs material is about less than 1000 
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angstrom for decreasing the light absorption by the p-type ohmic contact layer. A 
portion of light generated by the active layer is emitted from the p-type ohmic contact 
layer, so that the ohmic contact layer's energy gap should be higher than that of the 
active layer so as to avoid the light absorption. But the semiconductor with higher 
5 energy gap is not easy to form a high dopent concentration, so that the characteristic of 
the ohmic contact is poor. The semiconductor with lower energy gap has an 
advantage of easily forming a high dopent concentration, but has the intention of 
absorbing light, so that the thickness should not be too thick. 

jlO In the above description, the composition ratio of the compound, such as, 

J (Al x Ga 1 . x )o. 5 Ino. 5 P is merely stated as a preferred example, but not used for limiting the 
scope of the present invention, wherein, for (AlGa)xIn Y P, it is just required that X>0 
andY<l, and the values of X and Y do not have to be equal to 0.5, and further, 
ly the present invention can also utilize other materials. In addition, the structure of 
'% 15 the AlGalnP active layer 14 of the invention can be a DH structure or a multiple 
5 quantum well (MOW). The DH structure comprises the n-type (Al x Gai. x )o. 5 Ino.5P 
'* lower cladding layer 16 with a Al dosage of about 0.5£x£l, a (Al x Ga,. x )o,Ino.5P 
active layer 14 and a p-type (Al x Ga, x )o,Ino,P upper cladding layer 12 with a Al dosage 
of about 0.5^1, such as shown in Fig. 2, wherein the thicknesses of the cladding 
20 layers 12 and 16 are respectively between 0.5 and 3 um, and the active layer 14 is 
between 0.5 and 1.5 um thick. 

According to the embodiment of the present invention, the bragg reflector layer 
19 is sandwiched between the n-type GaAs substrate 20 and the lower cladding layer 
25 16. The bragg reflector layer 19 comprises a plurality of pairs of easily oxidized and 
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st ac k ed secure of high alominnm-contained AlGaAs/AlGalnP .ayers or htgh 
ataminum-contained AIGaAa/AlInP layers or high alominont contain MOaAs/ low 
a lu minom-co»,ained A.OaAs layers. The high altuminam-contained AlGaAs/AHnP ,s 
partiaUy oxidized to form . insolator with low refraction index, and the bragg 
reflector, which is fotmed as described above, can reflect the emitting Ugh. generated 
by tire active layer .4. The thickness of each layer of high reflectivity bragg reflector 
,a y er can be designed to be eoual to X/4n, wherein theAis the wavelength of tire 
emitting light of the light emitting diode, and tire n is the refractive index. 

Referring to Fig. 3, which depicts the stroctore of the present invention of the 
Ugh, emitting diode. In this embodiment, the bragg reflector layer 19 comprises three 
pairs of high alnminnm-contained AlGaAs/AlGalnP layer 19c, wherein tire monber of 
pairs is no, limited «he,e,o. One to the higher oxidation ability of tite high alnminum- 
contamed AlGaAs, a tieatmen. of oxidation is processed fo, high alnminum-eonrained 
15 AlGaAs layer ,9c from ontside to inside. By flowing steam into the LED and 
controlling the tenrperabare between 300 and 800 degree. C, an Al.O, layer .9a , 
formed The oxidation rate of the high altnninnm-contained AlGaAs is dtreetiy 
proportional to the reacting temperabare and tine content of alnminnm. Tbe present 
mention controls tine content of alnminum between abon. 80% and abon, 100%, and 
20 the reacting temperatore above 300 degree. C, thereby finishing tine oxidation process 
within an acceptable range of time. 

Thereafler, an etching step is ntilized to etch on, a portion of tite p-lype ohmic 
contact layer 10, npper cladding layer 12, active ,aye, 14, and lower cladding layer 16, 
25 thereby exposing a portion of the lower cladding layer ,6. Then, an n-electrode , 
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formed on the lower c 
contact layer 10. 



ladding layer 16, and a p-elecfode 30 la formed on the ohmio 



According to the atnreture of the light emitting diode, the eiectrodes of LED are 
•5 fonnedondteaamesideofttte.diode. The emren, ody nan throttgh me aetive .aye, 
,4 and the dadding layers 13 and 16. Ttas, me internal reaistance of me hght 
emitting diode can he decreased and the dectto-optics hastening rate can he 
increased. 

1,0 I ^tt.Fig.4,ai te tettea m en,ofoxidatton, K lWonrndexoffteAl,O y 
is , 6 which is different from the reflect index of ha* oxidized semicondnc,o, 
serial an* aa low —-contained AlOaAa or AlOalnP of aboo, higher than 3. 
Conseqnendy, the wavelengm reflected hy me hragg reflector .aye, 19 can cove, a 
v » i de,specttnmbc W een50»- 8 00 M n,aashowninFi,3. So that, me btagg reflect" 
2 ,5 layer .9 can reflect most of the visible spec*™ with a reflectivity closed ,„ 100 /.. 
P Accormng^flrehrighnreasofLEDissigoJflca^ye^-cad. AUhongh the hragg 
5 reflectory 19 of this embodiment is sandwiched between flte n-type OaAs snhsttate 
20 and flte lowe, dadding layer 36, ye, the preaen, invention ia no. hnrited thereto, Ore 
brag g re fle«o, laye, .9 of the present invention can also be iocated in the lowe, 
20 cladding laye, 16 and still achieve the same effect. 

As show* in Fig. 4, a contparistn between the hragg tefledot laye, of the 
present invention and prior art is showed. The reflectivity of the convention* hragg 
rc flecto, ,aye,, which comprises an AlGalnP/AimP .ayer, is S0% otfly in *e 
25 v.velengttrregionaofSSO^Onm.andispoorinmeofl^^on, On flte other 
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hand, .he reflecnvity of the bragg rf« Mr of ft. P-n. — is almos. 
100% in fte wavelength region of 5 O0~8OO„m. Therefore, fte bragg reflector laye, of 
the present invention has a high reflectivity. 

Furftermore, please refer «o Fig. 5, it iflusha.es fte reflectivity achieved hy fte 

Ug h aluminum-contained AlGaAs/low aluminum-contained AlGaAs layeta of fte 
hregg reflector layer in fte present invention, and ftose of AiGalnP/AunP .ayers of the 
bng g reflector layer in fte prior art Apparent,,, in fte present invention, 4 pan, of 
5 10 oxidized high aluminum-contained AiGaAa/AlOalnP .ayers or oxidized hrgh 
H a.ununnnt-containrf AlGaAs, iow aluminum-contained AiOaAs .ayers of fte bragg 
lector iayer can oh* fte high reflectivity of ahou, .00%. h, contrast, 20 pans of 
AUWnP/AlInP layers offte conventional reflector layer can oniy obtain, he poor 
rcfl ectivi„ Of 80%. Wore, *e bragg reflector layer stntctore of fte present 
, 5 invention is shnpter, and fte reflect thereof is higher ftan ftat of fte conventrona, 
bragg reflector layer. 

Since the bragg reflector ,ayer comprising Al x Ov layer can reflect almost all 
*. visible spe^rnm, fte high reflecnvity bragg reflector layer of fte present invennon 
20 is suitable for use in all light emitting diodes. 

It is therefore an advantage of this invention ha provide a shucture and a method 
„ seating a hgh. emining diode, to prevent an emitting light from beftg absorte 
* a substrate, ftereby enhancing the brightness of Ugh. emitting diode hy usmg 
25 high reflectivity bragg reflector layer. 
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It is therefore another advantage of this invention to provide a structure and a 
" method for fabricating a light emitting diode. Tne present invention provides a high 
reflectivity bragg reflector structure to reflect the light generated from the light emitting 
diode, which is an oxidized high aluminum-contained AlGaAs/AlGalnP layer or an 
oxidized high aluminum-contained AlGaAs/low aluminum-contained AlGaAs, formed 
on the substrate before the vertically-stacked epitaxial structure of the light emitting 
diode is formed. Due to the higher oxidation ability of the high aluminum-contained 
AlGaAs layer and the lower refraction index of the oxidized Al x O Y layer, the 
) wavelength reflected by the bragg reflector layer can cover almost all the visible 
spectrum. 

It is therefore another advantage of this invention to provide a structure and a 
method for fabricating a light emitting diode. According to the electrical insulation 
5 function of the oxidized AlGaAs layer, the electrodes are formed on the same side of 
the light emitting diode. In this way, the internal resistance of LED can be decreased, 
and the electro-optics transferring rate can be increased. 
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It is therefore another advantage of this invention to provide a structure and a 
method for fabricating a light emitting diode. In this way, the light emitting diode has 
higher light output than the conventional light emitting diode. 



While the preferred embodiment of the invention has been illustrated and 
described, it will be appreciated that various changes can be made therein without 
25 departing from the spirit and scope of the invention. 
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